Schemes for classifying skin and soft tissue infections (SSTIs) pose limitations for clinicians and regulatory agencies. Diabetic foot infections (DFIs) are a subset of SSTIs. We developed and are proposing a classification to harmonize current schemes for SSTIs and DFIs. Existing schemes for classifying SSTIs are limited in both their usefulness to clinicians and to regulatory agencies. The guidelines on SSTI from the Infectious Diseases Society of America (IDSA) and the guidance from the US Food and Drug Administration do not adequately address many types of wound infections. However, guidelines developed by the IDSA for DFIs provide a classification scheme that has been validated and widely used. Diabetic foot infections are similar to SSTIs in pathophysiology, microbiology, and treatment and can be seen as a subset of SSTI. Thus, based on the documents noted above, and our review of the literature, we have developed a proposed classification scheme for SSTI that harmonizes well with the DFI classification. We believe this new scheme will assist clinicians in classifying most wound infections and potentially aid regulatory agencies in testing and approving new antimicrobials for these infections.
Various authorities and organizations have proposed classification schemes for skin and soft tissue infections (SSTIs). These institutions organize SSTIs by such variables as anatomic location, causative pathogen(s), rate of progression, depth of extension, and clinical presentation or severity [1] . Unfortunately, each has key limitations both in assisting clinical management and in providing guidance for developing new therapeutic agents. Important deficiencies of these schemes include the omission of discussion of diabetic foot ulcers (DFUs) and superficial wounds, the categorization of wounds by parameters that lack proven therapeutic relevance, and a lack of validation in clinical practice. One exception to this general situation is a classification for foot infections in persons with diabetes. For this type of soft tissue (and often bone) infection, clinicians and researchers have used an internationally recognized and validated classification scheme for over a decade [2, 3] . Of note, diabetic foot infections (DFIs) share most pathophysiologic, etiologic, and therapeutic characteristics with other types of SSTIs. Thus, we believe it may be appropriate to use the DFI classification as a model for categorizing wound severity to develop a more general nosology of SSTI. Such a scheme, if generally accepted, could also inform treatment decisions and other aspects of clinical care, guide research studies, and aid in regulatory evaluation of novel therapeutic agents.
We have had a long-standing interest in SSTIs, and we conducted a nonsystematic review of the literature on classification schemes for these infections. This review included searching PubMed for all published papers up until September 23, 2016 , EMBASE, and the Cochrane Database of Systematic Reviews, and the bibliographies of all retrieved papers. In this study, we offer an analysis of the overlap between common types of SSTIs and DFIs and propose a new classification scheme for SSTIs based on that used for DFI. We term this scheme the Consolidated Classification of Skin and Soft Tissue Infections (COCLASSTI).
PATHOPHYSIOLOGY AND EPIDEMIOLOGY OF SKIN AND SOFT TISSUE INFECTIONS
The skin, especially in conjunction with the immediately contiguous subcutaneous tissues, is the largest organ in the body. The epidermis has no blood vessels and is protected against infection by the mechanical barrier posed by the stratum corneum [4] . Infections of the skin and underlying soft tissues, which occur when microbial invasion of various layers overwhelm host defenses, are clinical entities with variable presentations, causes, and levels of clinical severity [5] . Skin and soft tissue infections range from relatively mild and superficial, such as impetigo, to deeper and more severe, such as necrotizing fasciitis. They are common in ambulatory and inpatient settings, accounting for more than 14 million outpatient visits and 850 000 hospitalizations annually in the United States alone [6] . Although the reported estimates for incidence of SSTIs in the United States and the United Kingdom are 49.6 per 1000 persons and 16.4 per 1000 persons, respectively, the true prevalence is likely higher because mild cases may resolve without medical care [7] . A study in the United States reported an estimated 869 800 hospital admissions for SSTIs in 2004, and the incidence increased over the next several years by 29% in the inpatient setting and by 50% in the outpatient setting [8, 9] . A survey across European countries found that SSTI was the second most common indication, after lower respiratory tract infection, for prescribing antibiotics [10] .
UNITED STATES FOOD AND DRUG ADMINISTRATION SKIN INFECTION CATEGORIZATION
In 1998, the US Food and Drug Administration (FDA) proposed a system that categorized SSTIs as either "uncomplicated" (superficial infections that can usually be treated by antimicrobial therapy or surgical incision alone) or "complicated" (involving deeper tissues or requiring substantial surgical intervention), with the later including DFI. In 2013, the FDA adopted a new Guidance for Industry [11] document for the development of drugs for treating a newly proposed category of infection called "acute bacterial skin and skin structure infections" (ABSSSI). This document, which defines ABSSSI as a bacterial infection of the skin with a lesion size area of ≥75 cm 2 (based on the area of redness, edema, or induration), includes only 3 types of infection: cellulitis/erysipelas, wound infection, and major cutaneous abscess. The Guidance also specified types of infection that it did not address, including, "less serious skin infections, such as impetigo and minor cutaneous abscess, as well as infections needing more complex treatment regimens, such as infections resulting from animal or human bites, necrotizing fasciitis, DFI, decubitus ulcer infection, myonecrosis, and ecthyma gangrenosum. " The Guidance invites sponsors interested in developing drugs to treat these excluded infections to discuss plans with the FDA. These recent changes now leave no pathway for a new antibiotic to receive approval for any of these other common SSTIs without going through what would likely be a prolonged and costly negotiation process with the FDA.
CLASSIFICATION OF DIABETIC FOOT INFECTIONS
A recent large study of enrollees in a US health plan found that among more than 2.2 million episodes of SSTIs evaluated from 2005 to 2010, 10% occurred in persons with diabetes [12] . Because infections of the foot are now among the most common serious complication of diabetes [13] , and they are often associated with comorbidities such as peripheral neuropathy and arterial disease, specialized classification schemes were developed for DFI. The classification, devised in 2004 by the Infectious Diseases Society of America (IDSA) guidelines committee for DFIs, and adopted by the expert panel on infection of the International Working Group on the Diabetic Foot (IWGDF) [14, 15] , both defines when a wound is infected and classifies the infection's clinical severity. The scheme has achieved widespread acceptance internationally and has been validated in numerous studies [16] [17] [18] [19] [20] [21] [22] . Most DFIs develop in an ulceration of the skin, usually related to an unperceived injury to a neuropathic (and therefore insensate) foot. In patients with or without diabetes, many other injuries can cause wounds that become infected, eg, mechanical trauma, prolonged pressure, venous or arterial insufficiency, chemical or thermal burns, animal or human bites, surgery, or primary dermatologic disorders. Bacterial pathogens, after infecting the epidermis, may translocate to deeper structures through the lymphatics or by direct extension. The presence of a rich capillary network beneath the dermal papillae plays a key role in localizing infection as well as in producing an acute inflammatory response [4] .
HOW SIMILAR ARE DIABETIC FOOT INFECTIONS AND SKIN AND SOFT TISSUE INFECTIONS?
As discussed, almost all SSTIs follow a break in the protective skin envelope that allows microorganisms to first contaminate (defined as the transient presence of organisms that are not actively replicating), then colonize (replicating but not causing a host response or tissue damage), and if unchecked, eventually infect (initiating a host response, manifest as classic signs or symptoms of inflammation) the subepidermal tissues ( Figure 1 ). Some wound experts believe there is an intermediate stage between colonization and infection, often called "critical colonization, " defined as organisms present in numbers (usually >10 5 bacteria/gram of tissue) sufficient to at least hinder wound healing if not to produce overt evidence of infection [23] . However, there is no consensus on how to define this state or whether it even exists [24] . Infecting organisms in DFI and other types of SSTI are usually derived from those that colonize the surrounding normal skin, which may represent resident or transient flora. Some pathogens are endogenous, shed from sites of colonization, such as the anterior nares or perineum, and deposited in the wound by direct inoculation. Others are exogenous, introduced as a consequence of percutaneous trauma (accidental or surgical), or during care for the wound. The likelihood that infection will occur in a colonized wound is (1) directly related to the inoculum size of the contaminating organism and its intrinsic virulence and (2) inversely related to the host's defense capabilities. Some organisms such as β-hemolytic streptococci and Staphylococcus aureus are inherently virulent in wounds, whereas others mainly become pathogens when they are present in combinations, inoculate damaged skin, or colonize a wound in an immunocompromised host. The presence of local ischemia, necrotic tissue, or a foreign body increases both the likelihood that a wound will become infected and the severity of the infection.
Studies have shown that the pathogens causing DFIs and those causing other types of SSTIs are largely the same, in both North America and Europe [25] . These pathogens usually consist of aerobic Gram-positive cocci (especially S aureus and, less frequently, streptococci), but specific exposures, such as water-related trauma or bite wounds, are associated with less common pathogens (eg, Enterobacteriaceae, Pseudomonas aeruginosa, obligate anaerobes) [17] . Likewise, the antibiotic susceptibility patterns for the causative pathogens are similar in both types of infections. A higher rate of SSTIs caused by methicillin-resistant S aureus has been noted in the United States, but rates in some parts of Europe and elsewhere have been increasing. More recent studies of DFIs, particularly those conducted in Asia and Africa, have reported that Gram-negative organisms (particularly P aeruginosa) are predominant in wound infections. In all locations, strains resistant to widely prescribed antibiotic agents are becoming more common [26] , with a greater likelihood of highly resistant Gram-negative aerobes (eg, those with extended-spectrum β-lactamases or carbapenemases) [27] .
Although DFIs occur in a particular host substrate, characterized by variable degrees of metabolic derangements and poorly understood immunodeficiencies, they share almost all other pathophysiological, microbiological, clinical, diagnostic, and therapeutic features of other types of SSTIs. What is characteristic (although not unique) to DFIs is that almost all affected patients have peripheral neuropathy. Although the presence of neuropathy predisposes to developing the wounds that become infected and may delay infection coming to the attention of the patient, it probably does not affect either infection severity or the approach to treatment. However, the presence of peripheral arterial disease, also found in most patients with a DFI, is almost certainly associated with worse outcomes for the infection [28, 29] . Skin and soft tissue infections in patients with, compared with without, diabetes are 5 times more likely to be associated with complications and 4 times more likely to result in hospitalization [12] .
LIMITATIONS OF CURRENT CLASSIFICATIONS
Several authorities, including clinical researchers, professional societies, and regulatory bodies, have promoted schemes to describe the various types of SSTIs in diabetic and nondiabetic patients. Perhaps the most frequently cited classification of SSTI is the Practice Guidelines of the IDSA [30] , which generally divides infections by skin extension (uncomplicated, complicated), rate of progression (acute versus chronic), and tissue necrosis (necrotizing versus nonnecrotizing). Unfortunately, the scheme is of limited utility for wound infections, because the main management scheme (Figure 2 ) does not include wounds as part of the nosology. To the extent that the IDSA SSTI guideline addresses wound infection at all, the recommendations are directed solely to postsurgical wounds. The narrow scope of these recommendations limits their relevance with respect to other types of wound infections.
Various severity-of-illness systems have been proposed for SSTIs, but none has been widely adopted [7] . An expert panel led by Eron proposed a SSTI classification scheme in 2003 [31] that divided infections into 4 classes based on the patient's presentations: (1) afebrile and healthy; (2) febrile and ill-appearing but no unstable comorbidities; (3) toxic appearance, or at least 1 unstable comorbidity, or a limb-threatening infection; and (4) sepsis syndrome or life-threatening infection, eg, necrotizing fasciitis. Ki and Rotstein [32] argued that Eron's scheme was "overly simplified" and the descriptions of clinical presentations were ambiguous. Therefore, they proposed a rather complicated scheme that grades infection severity (mild or moderate/severe) based on the presence of comorbidities, systemic signs of sepsis, the wound's location (specifically involvement of the head or hand), the size of the lesion, and the presence of findings suggesting severe or necrotizing infection [32] . Likewise, the United Kingdom's Department of Health and Social Services' Clinical Resource Efficiency Support Team (CREST) published a guideline on the management of cellulitis that was largely based on the Eron scheme [33] . The CREST system, which does not appear to be used outside the United Kingdom, suffers from ambiguous definitions for clinical presentation and a lack of objective measurements of infections severity. Noting the lack of a validated severity grading system to predict clinical outcome in SSTIs, Marwick et al [34] aimed to retrospectively apply a modification of the Eron/CREST classification to a cohort of hospitalized SSTI patients. They found that patients with more severe infection had worse outcomes; furthermore, most patients with the least severe infections were "over-treated" (with unnecessarily broad-spectrum antibiotic therapy), whereas those with more severe infections were usually inadequately treated [34] . More recently, Hashem et al [7] combined the CREST scheme with the Standardized Early Warning Score ([SEWS] a predictor of clinical deterioration) to create mutually exclusive severity classes for SSTIs.
Pathogenesis of Open Wound Infections
They assessed the appropriateness of antibiotic therapy using the 4 proposed classes based on the SEWS, along with the presence of "sepsis" and comorbidities, in a retrospective, hypothesis-generating evaluation of hospitalized patients with SSTIs [7] . Similar to Marwick et al [34] , they found that the majority of patients with the least severe infections were overtreated, whereas almost half of those with the most severe infections were undertreated [7] . Of note, they specifically excluded patients with DFIs from enrollment in this study. Each of these few reported studies was retrospective and only enrolled hospitalized patients. Our review of the literature disclosed no other clinically useful published guidelines for the diagnosis and management of wound infections and similar superficial SSTIs.
A PROPOSAL FOR MODIFIED SKIN AND SOFT TISSUE INFECTIONS CLASSIFICATION SCHEME
As noted above, evidence supports that for DFI patients, the IDSA/IWGDF DFI classification scheme is useful for predicting the need for and duration of hospitalization, the likelihood of undergoing lower extremity amputation, and other adverse outcomes. We believe that the algorithm developed by the IWGDF for an infected DFU (Figure 3) is the most suitable published tool currently available for guiding clinicians in managing patients with such infections [3] . This scheme has the advantages of being straightforward and intuitive, evidenced-based, practical, clinically relevant, and potentially applicable to nondiabetic superficial skin infections. With this in mind, we developed a modified version of the IWGDF approach to the infected wound that is based on the belief that almost all items in the algorithm are common across both populations. This diagnostic scheme is largely compatible with the previously mentioned expert panel classifications, as well as the current IDSA guidelines (Table 1) . Beginning with the SSTI portion of our classification scheme, we have divided the various types of infections discussed in the IDSA SSTI guideline by severity into 3 classes. Class 1 includes several types of superficial skin infections that have in common that they are usually treated in the outpatient setting, typically with oral (and occasionally topical) antibiotic agents. Class 2 infections are either more extensive or affect deeper tissues (or both) and always require systematic antibiotic therapy. This class is divided into 2 categories: 2A is for patients who present systemically well with an infection that is a pyoderma or caused by some form of trauma; 2B is for patients who are systemically unwell in some way but do not meet the criteria for systemic inflammatory response syndrome (SIRS) [35] . Class 2B patients may require initial treatment in the inpatient setting, perhaps with parenteral antibiotic therapy. Class 3 infections manifest either with SIRS, or are potentially limb-or life-threatening, and often require urgent surgical consultation.
MANAGEMENT OF SSTIs NONPURULENT
We think the IDSA DFI classification scheme also might benefit from a slight modification. The main problem with the current system is that the "moderate" infection category is quite broad and heterogeneous. To address this issue, and to make the system better parallel our proposal for SSTIs, we suggest dividing the moderate designation into (1) Class A for local infections that are more "horizontally" extensive with erythema extending >2 cm from the rim of a wound and (2) Class B for infections that are more "vertically" extensive, extending below the subcutaneous tissue.
THE ROLE OF TOPICAL ANTIMICROBIAL THERAPY
The management of all SSTIs, including infected DFUs, largely consists of any needed surgical debridement, properly selected antimicrobial therapy, and appropriate wound care. For moderate and severe infections, initial antibiotic therapy must be systemic, often parenteral to start, with a change to an oral agent when the infection is responding and the patient is stable. Mildly infected open wounds are often treated with oral antibiotic therapy but afford the possibility of topical antimicrobial therapy. Like mildly infected DFU, superficial SSTIs (eg, those related to venous stasis ulcers, low-grade pressure ulcers, abrasions, limited surgical wounds, inflammatory skin disorders [eg, eczema], or limited thermal burns) may be appropriately treated by topical administration of an agent with an appropriate (usually broad) antibacterial spectrum. Because these wounds are not usually ischemic, and most do not require special pressure off-loading, the clinical success with topical antimicrobial therapy, as determined by resolution of clinical signs and symptoms of infection, will likely be at least as good as that seen with infected DFUs.
Delivering an antimicrobial directly into a wound has many potential advantages [36] . It may achieve high levels of the agent at the infected site, even with an ischemic wound, while avoiding systemic exposure and its attendant risks to various organs. Locally applied, compared with systemic, antibiotic therapy usually requires smaller doses, thereby reducing the risk of inducing antimicrobial resistance. Finally, topical therapy may allow treatment with agents not currently available (or safe) for systemic therapy. These features all fit nicely with the tenets of antimicrobial stewardship for wounds [14] . Thus, a topical agent with the right spectrum of activity might be effective, either as primary therapy for a mild infection or as adjunctive therapy to systemic treatment for moderate or severe DFI. Figure 3 . Approach to the patient with diabetes and a suspected foot infection [3] .
Although topical agents have long been used for treating superficial skin infections such as impetigo, there are relatively few well designed studies of topical treatment of infected wounds [36] . One large randomized controlled trial of a topical antimicrobial peptide, pexiganan, demonstrated that it was similarly effective to oral antibiotic therapy for treating infected DFUs [37] . Furthermore, some of the infecting bacteria isolated from the wounds of patients in the ofloxacin treatment group a Note that in the original publications, the rows in boldface type are not separated into "A" and "B" , as shown here. Infection defined as presence of at least 2 of the following items: (1) local swelling or induration; (2) erythema; (3) local tenderness or pain; (4) local warmth; (5) purulent discharge (thick, opaque to white or sanguineous secretion).
developed resistance to that drug, whereas patients treated with pexiganan did not develop resistance to pexiganan. Based on these data, the IDSA DFI guidelines suggest that topical antimicrobial therapy may be appropriate for mildly infected open wounds with minimal cellulitis [2] . It is likely that other superficial SSTIs may be amenable to topical antimicrobial therapy.
DISCUSSION
An essential component of evaluating a patient with an infected wound is determining the severity of the infection. This assessment dictates the key decisions about treatment, including the site (outpatient versus inpatient), the need for (and urgency of) any surgical interventions, the route of antimicrobial therapy (topical, oral, parenteral), the spectrum of empiric antibiotic therapy (narrow or broad), and the need for any adjunctive treatments (eg, hyperbaric oxygen, corticosteroids, antitoxins). What most clinicians want is guidance that is clear and concise and will aid in selecting appropriate management. As noted, there is currently no widely accepted or evidence-based classification for infected wounds. The current IDSA guidelines for SSTIs have useful schemes for some types of infections (eg, nonpurulent vs purulent, and surgical site) but not for most of the various kinds of wounds (eg, traumatic, burns, pressure) commonly seen in the outpatient and inpatient settings [4] . Other proposed classifications are mostly directed at the severe end of the spectrum of SSTIs, adding an assessment of patient comorbidities, but do not clarify issues related to the size and depth of the wound. The IDSA guideline classification scheme for DFIs [2] is easy to perform and predicts important outcomes. It has been widely implemented throughout the world for both clinical decision making and research purposes for more than a decade. We believe that it is also likely to perform well for classifying wounds in patients without diabetes, especially with our suggested slight change for moderate infections. Therefore, we suggest that with only minor modifications, the management approach to infections in both of these patient populations can be harmonized into the proposed new COCLASSTI scheme, as shown in Table 1 .
CONCLUSIONS
Of note, because of the limited published data on topical antimicrobial therapy, neither the SSTI nor the DFI guideline has much discussion of this route of treatment. Because the ability to treat a SSTI with topical antimicrobial therapy is a potentially important distinction in a classification scheme, we have introduced this novel dimension by adding a column to Table 1 addressing the potential for such future treatments. We think this scheme, and our discussion of the issues, may be helpful in managing the common and often serious problem of wound infections. It could also serve as a useful tool in the development of new therapeutic agents for SSTIs. Because the pathogenesis, bacterial etiology, clinical presentation, and management of diabetic wound infections are essentially the same as those of superficial, localized SSTIs (Table 2) , the pathway to testing and approving new antimicrobials to treat these infections should logically be similar. We look forward to comments on these proposals from our colleagues who care for patients with SSTI.
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